Broomrape (Orobanche cumana Wallr.) presents a serious problem in sunflower production in a number of countries. The population of broomrape has been stable in Serbia for a long period of time, but the racial composition has changed in recent years, with race E being predominant in the regions of north Bačka and Banat. Cultivated sunflower is genetically narrow and deficient in many desirable genes. Sources of resistance genes to broomrape can be found in a number of wild sunflower species. New 7 Rf inbred lines
INTRODUCTION
Broomrape is one of the largest problems in sunflower production. It reduces sunflower seed yield and negatively affects other sunflower traits (Demirci and Kaya, 2009) . Different pathogenic races of Orobanche cumana Wallr. are known to exist in various regions of Europe and in the Southeastern Mediterranean, where the climate is favorable for this parasite (Virány, 2008) . The virulence of the parasite populations of broomrape has changed over years, slowly at first, then rapidly in Eastern Europe, Turkey and Spain. The parasite is becoming more and more dangerous for the sunflower crop (Pacureanu et al., 2008) . Broomrape resistance is poorly understood and new races of the parasite are evolving rapidly and overcoming the resistance of newly introduced sunflower hybrids (Virány, 2008) . It can significantly reduce seed and oil yield, weight of 1000 seeds, seed oil content, plant height and head diameter in sunflower production (Kaya et al., 2004) . Breeding strategies for incorporating broomrape resistance into sunflower commercial hybrids have been nearly exclusively based on single race-specific dominant genes, which are considered by seed companies as an ideal source of resistance for singlecross hybrid breeding, as they only need to be incorporated into one of the parents (Fernández-Martínez et al., 2008) . The resistance to races is controlled by single dominant genes (Or) . With the increase of the sunflower covered areas in the world, new races of broomrape have also developed. Until a few years ago among the sunflower broomrape populations only 5 physiological races (A, B, C, D and E) and five sunflower dominant genes (Or 1 , Or 2 , Or 3 , Or 4 and Or 5 ) conferring the resistance towards broomrape races were known. Recently there has been a sudden change in race composition. New races have appeared: race F in Romania, Bulgaria, Spain and Turkey. The new broomrape races cannot be controlled by Or 5 gene (race E). The changes in the broomrape population and the appearance of new races represent a crucial point in sunflower breeding, forcing the breeders to continually test the breeding material against new broomrape races while creating differential lines (Hladni et al., 2009) .
Sources of resistance to the recent virulent races E and F have been located in cultivated germplasm (Gulya et al., 1994; Fernández-Martínez et al., 2000) , in contrast, a high level of resistance to races E, F and G has been found in the evaluation of wild Helianthus species, particularly perennials (Škorić, 1988; Ruso et al., 1996; Fernández-Martínez et al., 2000) , revealing that wild Helianthus species constitute a major pool of genes for resistance to the new virulent races of broomrape. Different ways for controlling parasite attacks were tested (different methods of soil cultivation, herbicides use, biological agents, etc.), which gave no viable practical results. Till now the broomrape problem was mainly solved by genetic means, by finding new resistance sources and developing new sunflower material resistant to the new parasite races (Christov et al., 2009) . Epiphytotic occurrence of broomrape was observed in Serbia for the first time in 1951. During a longer period of time the broomrape population in Serbia was stable. Race B is dominant in the South of the Vojvodina Province and race E in the North (Dedić et al., 2009) . Race E has expanded to the Bačka and Banat regions and is slowly starting to become a big problem in sunflower production. In 2008, infected areas were found in Bor County (two sunflower plots) near the state border with Romania and Bulgaria (Dedić et al., 2009; Maširević et al., 2009) . Continual monitoring of the broomrape population in Serbia is very important due to changes in race composition and evolution of new more virulent races in neighbouring countries and also because climate changes are favorable for expansion of Orobanche species to large areas Maširević et al. (2009) . The sunflower breeding program at the Institute of Field and Vegetable Crops has been directed towards creating lines and hybrids which will be resistant to new races of broomrape using interspecific hybridization. In this investigation several interspecific populations with H. deserticola were initially used for the production of Rf male inbred lines resistant to drought. When creating hybrids resistant to drought and high temperatures, it is important to use wild species of the genus Helianthus, which inhabit desert and semi-desert areas (Fick and Miller, 1997; Škorić, 2009) . Several agronomicaly important traits of new Rf inbred lines and their hybrids were evaluated and are discussed in the paper. Unexpectedly, the resistance to broomrape race E was consistent on all examined locations in Serbia (Pačir 2006 , 2007 , 2008 and Lipar 2009 ) and at a location in Romania (Baragan, Braila 2008) . This result indicates that some inbred lines developed from interspecific populations originating from H. deserticola are resistant to broomrape and can be used for the production of new resistant sunflower hybrids. which resulted in 7 resistant restorer inbred lines. In all locations lines were sown in 3 rows (12 plants per row), of which only the plants in the middle one were evaluated. In order to measure the morphophysiological traits of resistant lines the experiment was set at an experimental field of the IFVC at Rimski Šančevi, in a randomized complete block system with three replications during 2008/2009. The basic sample for the analysis of the examined trait contained 30 plants (10 plants per replication) sampled from the middle row of each block. The plant height (PH) and head diameter (HD) were measured (cm) in the field at the stage of physiological maturity. The analysis of oil content (SOC) in seed was carried out non-destruc-tively on a nuclear magnetic resonance (NMR) analyzer. Seed protein content (SPC) was determined by the Kjeldahl method. Both analyses were performed at the chemical laboratory of the Institute's Oil Crops Department. On a random sample of completely pure and air dried seed the weight of 1000 seeds (M1000S) was determined (g).
MATERIAL AND METHOD
The resistance of 28 new experimental hybrids to broomrape was tested on locations in Serbia (Pačir) during three years (2006, 2007 and 2008) and (Lipar) Šančevi, Serbia in a randomized complete block system with three replications, with the basic field size of 28 m 2 (4 rows). The hybrids were evaluated for PH, HD, SY, SOC and OY. The seed yield (SY) was normalized to 11% of seed moisture content. Oil yield (OY) was calculated from the seed yield and oil content. The highyielding hybrids Baća and Šumadinac (resistant to broomrape (race E)) and Sremac (non-resistant to broomrape) were used as standards. The determination of mean values and Two-Way ANOVA without replication was performed according to Hadživuković (1991) . 
RESULTS AND DISCUSSION
Broomrape is present in Province Vojvodina as the main sunflower production region in Serbia. Main hazardous areas are sunflower fields on the route Subotica -B. Topola, with a tendency of spreading toward Senta and Čantavir, and then to the south. A less intensive attack has also been noticed in Banat around Padej, Itebej and Vršac. In 2008, infected areas were found in Bor County (two sunflower plots) near the state border with Romania and Bulgaria (Figure 1) . The continuous problem with broomrape spread asked for continuous research work in the field, searching for new sunflower materials resistant to the new races. Till now the broomrape problem was mainly solved by genetic means, by finding new resistance sources and developing new sunflower material resistant to the new parasite races. H. deserticola can be used for drought tolerance as well as oil concentration and quality improvement (Seiler, 2007) . Breeding of sunflower inbred lines originating from interspecific populations DES-1474-1, DES-1474-2 and DES-1474-3, in order to implement drought tolerance, started in 1994 at the IFVC. Apart from the analysis of important agronomic traits new restorer inbred lines were tested for resistance to broomrape. A continued work on the testing of restorer inbred lines was conducted from 1995 to 2003, which resulted in 7 restorer inbred lines originating from interspecific population DES-1474-1, resistant to broomrape race E (Hladni et al., 2009) Table 1 ). The resistance of 28 new experimental hybrids to broomrape was confirmed on locations in Serbia (Pačir 2006 (Pačir -2008 and location (Lipar 2009) with three controls: hybrid Bačvanin, hybrid NS-H-111 and line AD-66. As the race F is present in Romania, the resistance of the same hybrids was also tested and confirmed there, at the location (Baragan, Braila, 2008) ( Interspecific hybridization or the discovery of desirable genes in the wild species of the genus Helianthus and their incorporation into cultivated sunflower genotypes, which is a valuable source of resistance genes, holds a special place in sunflower breeding and makes room for the discovery of the resistances towards different broomrape races, which has been shown in this paper. New sources of resistance to broomrape have often been searched for in wild species, with focus on H. tuberosus (Jan et al., 2002) . Most of the NS hybrids resistant to broomrape produced so far were based on interspecific populations with H. tuberosus, among them hybrid Bačvanin, used as a control in our research. Results on the resistance of other sunflower wild populations are scarce. Seiler (1994) showed that interspecific lines derived from H. anomalus, H. argophyllus and H. deserticola showed some level of resistance against broomrape race SE-192. Ruso et al. (1996) defined only three interspecific populations (ANO-1509-2-2, ARG-420-1-2 and DES-1474-1-2 derived from H. anomalus, H. argophyllus and H. deserticola, respectively) that were partially resistant to broomrape race SE-193. It is known that among each wild species there is a great variability in populations that mutually differ when it comes to the values of the majority of qualities and traits (Seiler and Gulya, 2004 ).
Here we show that Rf inbred lines developed from interspecific population with H. deserticola -DES-1474-1 are resistant to broomrape race E and possibly F and indicate that this population can be used for the production of new resistant sunflower hybrids.
CONCLUSION
Wild Helianthus species constitute the major reservoir of genes offering resistance to new virulent broomrape races. New NS hybrids resistant to broomrape race E developed from interspecific population with H. deserticola have achieved higher seed and oil yield in relation to standard hybrids resistant to race E broomrape Baća, Šumadinac and Bačvanin. It is expected that after recognition by the Serbian Supervising and Testing Institute these hybrids will find their place in the production on the broomrape infected fields.
